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BELLCOMM, INC.
955 L'ENFANT PLAZA NORTH, SW.  WASHINGTON, D.C. 20024 : s
SUBJECT: MT Presentation to OMSF DATE: May 27, 1970

Management Council

FROM: B. T. Howard
)

Mr. P. E. Culbertson - NASA/MT:

This letter summarizes our participation in the
development of your recent presentation to the OMSF Management
Council and forwards observations which may be helpful, in '
further enhancing the OMSF planning process and in identifying
the areas requiring additional study. Draft copies of the pre-
sentation material submitted to you and your staff are conmpiled
in Attachment II, arranged generally in the order of your pre-
sentation. Our observations based on participation in this
activity are summarized in Attachment

B. T. Howard

Attachments

Copy to

W. O. Armstrong - NASA/MTX 0
E. W. Hall - NASA/MTG 0?\{"
A. D. Schnyer - NASAa/ Q

M. G. Waugh - NASA/ 1

J. W. Wild - NASA/MTE
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ATTACHMENT 1

COMMENTS ON PRESENTATION MATERTIAL

$
The following comments are based on Bellcomm participation in
the development of the NASA/MT presentation to the OMSF Manage-

ment Council.

Payloads
l.
2.
3.
4.

A preliminary analysis indicates that the shuttle
aided by auxiliary propulsion is an adequate de-
livery mechanism for all anticipated automated
spacecraft. Results indicate that the 25,000 1b.
(270 n.mi. x 55°) and 15' diameter by 60' long
payload model is adequate. However, it is most
important to modify the missions to reflect the
shuttle concept and constraints, since that may
significantly alter the quantitative description
of the payload requirements and the delivery mode
to orbit.

- Further preliminary studies show that if the

large cargo bay is adopted, the shuttle may be
capable of competing most effectively with the
space station and may also be capable of mission
modes that are potentially superior in economic
and performance characteristics to those of the
station. At this time these concepts are in-
triguing, but are not sufficiently developed to
make a definitive comparison with the space
station alternatives. Without further study of
these alternatives it is not possible to pass
judgement on a sound basis.

A contribution of value to both items 1 and 2
above would be the development of a flight
experiment program for the shuttle similar to
the blue or green books associated with the
station.

There was approximate agreement among the
Center staff papers that 100,000 pounds to low
earth orbit is a desirable but not necessary
capability; perhaps the ability to orbit 75,000
pounds is adequate. This situation requires
clarification since this large 1lift capability
is a pivotal feature of the long term flexi-
bility of MSF to meet changing requirements.
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Shuttle

There ‘are three interrelated issues; size and
weight of internal payload (dealt with above),
alternative configurations and alternative
development approaches. The last issue is
principally a function of program needs. That
is, if the shuttle delays the resumption of

MSF (due to funding requirements) too long,
then an alternative approach leading to earlier
flight at less investment will be mandatory.

Numerous alternative shuttle concepts have
been identified. A basic assumption has to be
made concerning the market for the shuttle.
Assuming a high traffic model forces the attempt
to achieve full reusability. If we restrict
ourselves very stringently to those concepts
that involve the development of two reusable
stages (the primary distinguishing properties
of the baseline shuttle), we find only three
general configurations.

a) Lifting orbiter on a ballistic booster

This includes SERV/MURP but is not limited
to them since the orbiter could participate
in the orbit insertion propulsion.

b) Ballistic orbiter on a ballistic booster

Our studies indicate that this is a reason-
able configuration, quite competitive with
the baseline. Again, the velocity split
between the stages should be varied to ex-
amine the various attractive choices.

c¢) Ballistic orbiter on a lifting booster

This is just the reverse of a).

If the stringent criteria are Jelaxed, the
field opens up to include a wide range of
contestants. They are however, principally
what one would consider to be interim con-
figurations, a step in the evolution to a
shuttle. There is one configuration of
serious merit from this group, that is,
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Large Lift

Space Tug

l.

d) Either a lifting or ballistic orbiter on

an all expendable new "minimum cost design"

launch vehicle.

The Center staff papers presented the following
consensus of ideas;

a) The relative costs of new developments are
probably correct in revealing the cost
ordering of alternatives, but the absolute
costs are not meaningful estimates.

4
b) The current shuttle concept (phase B) is
" not suited to phased development for reasons
of performance and economy.

The payload studies (first section) do not clearly
identify any major advantage to payload capability
in excess of the Titan growth family (TIII-L-4).

The cost analysis does not clearly indicate any
distinction in non-recurring costs between Titan
growth and Saturn carry-on options, although
differences in recurring costs are indicated
that favor Titan. This depends on continuing
Titan production for other needs. :

For several hundred million additional dollars,
various versions of the 156" or 260" SRM using
either SIVB or SII can be developed. Recurring
costs lie between those of Titan derivatives
and Saturn follow-on.

The 12" SRM plus SIVB appears competitive with
Titan growth versions.

The 0.I.S. concept for use with the shuttle appears
technically valid but requires substantially
better cost analysis.

No definitive design concepts enjoying wide
support have yet emerged.

There is a basic problem with space based tug
operations (as opposed to ground based opera-
tions) due to orbit plane precession.

There is serious doubt that the USAF performance
requirements can be met even with a vehicle
specifically designed to that mission only.
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Cislunar Shuttle

1.

2.

»

The requirements, both programmatic and performance,
for a'cislunar shuttle (chemical or nuclear) have
not been clearly established.

CHemical shuttles have not been given sufficient
attention.

Lunar Exploration

l.

Near Term Gap

At this time there is very little concern about,
and certainly almost no study of, possible
alternatives for filling the impending gap in

lunar exploration. With the passing of the Saturn/
Apollo system man will not be able to return to

the moon again unless we initiate a new program.
This issue is twofold;

a) What are the practical alternative programs?

b) 1Is it permissible to leave ourselves without
the capacity to return to the moon rapidly,
even if we do not expect to exercise such
an option?

The lunar exploration program is in need of
comprehensive examination for the purpose of
lending structure and priorities to the set
of possible future choices.

The lunar surface base has always been tacitly
accepted as the ultimate capability of the lunar

exploration program. It is not clear that this is
an appropriate long range goal.

Fillers

1.

Space Station

l.

If this class of mission is to be seriously
considered, then a careful review of the early

Apollo Extension System studies, completed in
1965, is warranted.

The space station configuration is more sensitive
to the interface with the transportation vehicle
than it is to the flight experiments.
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2. It seems feasible to achieve a space station
capability using the shuttle as the launch vehicle.

3. The relationship of the current Skylab program
to the space station needs clarification.

Program Alternatives

1. It is understood that one of the principal purposes
of the presentation was the illumination of possible
FY 1972 program decisions through examination of
their long range implications. For this purpose
program alternatives were structured based on the
a priori resolution of two major issues generated
by recognition of a near-future constrained re-
sources environment:

a. The question of Saturn V production, resolved
so as to continue the suspension, and

b. The question of the order of serial develop-
ment of the space station and space shuttle,
resolved in favor of initiating the latter
in FY 1972.

The major issues to be illuminated by the alter-
natives became the following:

a. The space shuttle development approach, clearly
an FY 1972 consideration, and

b. - The approach to and time-phasing of the develop-
ment of long-duration MSF capability, an
FY 1972 consideration because of the potential
of Skylab.

An issue raised by electing to suspend Saturn V pro-
duction is the question of resumption of manned luanr explora-
tion, but here development of the alternatives revealed general
insensitivity to FY 1972 decisions. (There is a possible inter-
face with the Apollo program, but there was no variation in
alternatives for the period covering the runout of Apollo.)

N

The approach taken in structuring program alter-
natives was based on developing alternative
paths from FY 1972 toward accomplishment of pro-
gram objectives derived from STG Option II.
Formal evaluation of the relative merits of the
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alternatives, however, is complicated by the fact
that they were not constrained similarly in re-
sources or in timing of achievement. This tends
to restrict the evaluation criteria to those
associated with management appeal.

3. An alternative approach warranting consideration
for future use is a more evolutionary, less
deterministic one. Preliminary assessment re-
vealed that the program objectives of STG Option II
could not be achieved because of resources con-
siderations. At the same time, there is avail-
able as near-term direction the President's space
policy statement of March 7, 1970, which was made
after consideration of the STG Report. 1In effect,
considering this statement in the light of the
expected national environment should define the
FY 1972 "truths." It would appear appropriate to
develop programs which evolve from those "truths"
via alternative paths to the future. Maintaining
near-term fiscal constraints on those alternatives
would further illuminate FY 1972 decisions.

4. Direct pursuit of STG Option II as a target for
the MSF program was discarded for budgetary rea-
sons. However, the program alternatives eventually
synthesized were priced out at values not too
different from Option II for the near future. 1In
particular, the FY 1972 figures are almost identical,
and for FY 1973 Option II funding is lower than two
of the alternatives. The suspicion is that failure
to consider more severe resources constraints for the
near future may have obscured some of the real
FY 1972 issues.

5. The level of detail in the characterization of
program alternatives during the later periods is
not entirely compatible with our understanding
of the integrated program reflected in STG Option
II. As a concept involving lower cost, flexible
operations in cislunar space, the integrated pro-
gram affords sufficient guidance to point the
way to the future. The detailed implementation
will depend in good part on the market for its
use, but that market appears to be slipping farther
into the future. For this reason estimating the
future use of the capability will probably re-
main difficult for some time, and it may turn out
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that the market will not unfold until at least
preliminary capability is available. Hence,
it would appear appropriate to avoid tying
signifijcant FY 1972 decisions to any current
view of the ultimate application to be made of
the integrated program systems.

)




(NASA-CR-126026)
MANAGEMENT CCUNCIL

ATTACHMENT 2

MT PRESENTATION OF OMSF
{Bellcomm, Inc.) 125 p

00/81

N79-73250

Jnclas
12190




PAYLOADS




proTied oT3anys

uo spusdep ST > X 89 SOIISISOT
ak/y ST M 0T ~ - (NZW ZT) NOILYLIOY MIWD
SOIISISOT NOIIVIS IOV¥dS °
TL/seTnpou g ~ STnpou ¢ sTnpow 3 0§ YVINAOH
IR/T ~ €e A 00€ ~ : | | TYIOILNT
_ ATLINHS ¥YVATIOAN .-
IL/G S M S ITI YINYAE WAANVEL
Ik/L ~ g M ST ~ ¥NIOY
IR/TT 0T A LT HOVISNVEL
Tk/zTn 0T i6E v LNID
I&/8 0T d ¥y o~ INID *AQY
Ik/e ~ ST X vy o~ (6°=Y) 0L
IR/6 ST I67 ~ g8°=Y) 9nL
] WUD.H_ -
S$,IX 0T/9 ~ ST M 0§ NOIIVIS INIANZJIANI TIVIS
& QT /seTnpou ¢ ~ (eTnpou) G (eTnpow)d 0% ~ NOILVLS ¥VYINAOW ZO¥VYI
$,I8 0T/T ~ €€ I0°¢T - X 02T ~ NOILVLIS INZONIJZANI IOUVT
S,I& 0T/T ~ €€ A 02T v NOILVIS € ISVHJ
ZTNQOW NOILVLIS HOVdS -
SINIRITI WYIS0Ed YOLOVH °
xK/% A A M 0T LIGY0 SNONOYHONAS -
Aousnbaaxj (33). eTa ~ > . (s9T) "3m | aoaq -
youne] )

SINEWITE WYEO0dd YOLYW A : .

. o O O O




SIvngow omlL \\/a

.

Sth /Lt

oo/ oS X oy
SNAp/ ! ool CoY X 009 g8f/S
SHA2/ 1 o cogélxoossr Qsh/SsEr
Sew _ CCT A CQr TLe /T
=EoN Cco b X OO Crob ez

9¢/S

coo'y
oos
coze
oo TE
COCY

(em ~r
COoo D=

2

. \“* l,wm,\; Sy LGS, LWOPCSe S Ceo g/

“ | S8/50 QOoL/ ros0bE

m_ _ QS ST, 000k 008/

i w S5 o9z

| N ooo ‘o

| b )5 oo

_ v I+ ) 1 coo 1%

! LS/ 51 oo Te
ooy oLz e/t oCO 5T

OIHS NOLLYNIIONG  Fa0 L1y

GLH=E
SNEWIN
(=N v
OwEH

DHZZ FINIIO

S B
SOIRAHa GinT
Ty AHY D1EOD
xxuO-..Qm

IONIIODS Tl N
SAZANNS  HINVT
ATANNS LDY¥ZNT~ 1 H
Atzpr=X
T2LS
R AR SA=N
gITIVYID0e3 Yy MNiW

AN

O =~ NN alnd
U.m:\ (D0 ASCLVESE

O O

o)

v

77

|
—




SYINIOW ity v Covz . Nmsn\\od. (Z10gU) OO OF ~ (Mornao T\J RILANHD NHITADAN

/ Fai=4 o0/ £ /0w~ OO0 MDUE~  (TYNSIING 2TLLOHS NI TDNN

&~ SR8 . oo/folr Nmzh\\am.r : 0Co'oF ~ S04

zZe - SRz/I0e cwi/ony ol/oe Coo'Ge ~ v DAY LNTED

02/ TIA TN TS BT ELS St o 0 O00CT ~ LS ANSONTEIION 77 s
RS S5 oLz (Cowp51/Coy  (Gou)orCioy ~  (VOJIYLS WHICION 3D
. e S QLT Qe Tz/09~ CCC CT i~ NOILZIS A 3ar)3d3aNG LT

o/ Kol oLz ce/5b 00COY I~ v rolias g9 o EeVAd

SLNZW3TT WiuNoxd wolvW TL-

CSsb/ sz coc ! LAZA1d Le3ZNEY,a LI Wwos

& . COo5T T DANLDITE XIOT U1FA CIONILSY

597/86°¢ oo SY AZoNime  Zo/nldZn -NYNO-JAnl

/e 59'2 /858 Sl ASONINS  OLAT LS - ELIdND

/! _ Sot/ess Coi IEONL UILiSAD

2 24 : - 099 UHFLSIO wZHo1dXm sniz

i , =39 SOV WINCTIXF TAMTEA

" : g4 \@ zt Cool WILIENO S¥yly Fiwd Hld il

>/ v o Joet CoLs L4 0NN SN A

.nw.\.\.@m&u NOILYNIMDNL 3cnlL(LTY .H.VL\ vIQ LHESIZM (2N UNRY SEHID ASEINT HOIH II
\.C.‘D:J. a7 :

e T e e e - )

O ? R TSR TR Y el A T ] LSS EIT RS \.\\\m )
7 . ! )

(.\ A \ -




.

<

“

. .4 - .4\
V\m.

/
4

74
s

GUoIhttd 314 s
MO SErtE 3G

.Iv
K/ O

‘o - ©0061 ¥ co0gl
‘06 OLY ¥ Co&\ Stfr SSll
s'e Qoz xouwch]
1ol oy elord
oo/ alel) el £3H /511
o 1 OO2CrY coskl SSLhh SSLLA
SRz QOO ¥ 000 ol S92 [z05'5
0/ O% x 00!z A A
e/ /N /0@ -~
&/ /N &/ A
20038nS So0Y4N0S qn\aw
HO 1 OO o~ €& /o
Rl oLz LNFZANDAIA 3TII0HS
Eol=y oL LAseN2i 0 ZFunks
NOILYNIMDNI

2aniiiny (L= g

Qeooco 9
Q00 '0F
CoQ'C)~
Cor ' col~

o000 oL,

OO o/ ~

LHDIT N

A LeSTaLvY

Sie |
=W
UTY Mol s s 3
HOLym NZHIVIM QMo
TNCI LD IoD
Y RVAVINGS
NFLSAD

TN TNy

AUZHNCTANY T SOW Ly

\r(lll\

SALTTF LS
IS DAL

Tmpinpiiet oy

.r\lrw\.uu

Ll

—_—

s [N
STLLOHS W NN

~
g oIy
3

SSWE J0WAuns N s
"WLE TIDbHs LIQNO RSV

PSS BTl N

doryoD
O

O

STUOZAW g U Zeiftitt s rm

T AAL ﬁ\/ f\J

n
HdEd

N0



SHILITILIYAVYD INIWITE Em.mwomm



{
| 1 |
~7 TNe Ty N e ™Y | J N
! e I SRS v D \M.V\ Maor
- ~, . | -~
e . S w PoNs m SOF pYAelS
. . I
P ?
( =X') boL &4
e —
} i :
: — -— — — m x.\/\ \w\ !
M i
o o o s w R
i m !
o o O ;o el w Mo
el i AR NORT S s IV Forls ) P o ) ! T .S\N.
. JQ\., P s A e = ] M ey
4~ e P e 7
CorvrnTot A TN ¢ \ it Mmm |
- ]
RSN i Sl
LADAC Fadp modAS Dl Dol jALisd FTLLASS
A!J\IO N el ey - - ™~ »
= <@/ A T Tty
IS _ S pAN
N Y\ o . * < ¥
oM T/ _ ORI SOOI

}J 7/ s os

A L

. ..AJ!L'W\ t Y Q.\

FrroTd  ZTLLAHS

p .
! 1 -
F; 1o e R e,y ' ..
FANE R R Y R T R ORI IS R R o AT et
) ey “ et 3 sen .- 1o T
Sl A 1o CGoiashiAilng

-

D

Qa:

TTTTTTTTTOAVA TTTTTTTAY

‘ON gaor

LDwrans

"ON LIaHS

4077




()
()
(2)
()

(&)
()

()

(F)

(¥)

008
006°C
00s’C
009°€T

000’€T
00¢

OTLET

00L’8T
00L’L

(g)
(3)
()
(a)
()
(¥)
(2)
(q)

(%)
(¥)

00zt

000‘7 - -
000°S
000°9T

000°LT
000°0T

00812
000‘€

008‘92
00G6°LT

(sq1) snouoxyoudsossn o031 T/4

(sAep) uoTaeINg

(sqT)

oGG/WuU QL2 03 1I/a

GE X 0T
09 X GT
09 X GT

(33)

‘e1Q Aeg 1/d

oG Q2/WN 00T = LISY0 S5NL VILINIs

II Iduang wapueg
eusby
abejysuex]

Inejusd

Inealusd APy

(8 = \) bng
(6° = Y) bBng
xShbnyg
0T
JST
2108

0GS/WU 0LZ O3 T/d 3IadUI
(wllu = J0I) oT133nys

SHILITIAVAVD INIWITI WYIH0Ud

O Q




ALITILEVYAYD ITLLAHS FOVAS 40 NOSIYVAWOD




vmuas&mu 9be3s uoTloolfur ou ‘AISATISD 209XI(d x

obeag usm;rmo ko)

Axesssoou IT (yMJ \.@.mu abels MOTIY 99body snig ‘ITI I2uang ‘IIg
obelg eusby ‘Y :ITION

¥+ . Y+ 7+ O/L AN
Y+ + ¥+ }sedopeoxg
Y+ Y+ Y+ _ £ 3 H SI¥
) SUOTIRD TURURLOD

I19+ ¥+ / I 3% d SI¥I

II9+ Y+ A _ “IeTCg axen

v+ Y+ Y+ *e3s09n daed

Y+ Y+ S Y+ | *aenby dren
I1d+ Y+ A SNAWTN

*SG0 uzied

v+ ¥+ Y+ 193SnTH

II9+ Y+ Y+ SIST
LIg+ b + aWT
ITd+ Y+ ¥+ I2x0TdxXyg °soun

SOTSAUgG eoordg

PSR TWIT
9ZTS proTieg ‘X Y, y, oYl
/ / / 0S0
/ / / 00
AviouoIasY
X 0T M sc 3 0S -

SAVOTAYd CINNVWNA ¥O4 ALITIEVAVYO TTLIAHS J0 NOSIUYAWOD




Y+
ITd+
ITd+

IId+

Y+
Y+
Y+
Y+

Y+

Y+

Y+

Y+

Y+
Y+
Y+
Y+
Y+

O+

oY+

Y+

Y+

¥+ .

Y+

Y+

¥+

Y+

o+

Y+

SNOUOIYOUAS Y¥SSH
S90IN0SDY Yyaxedqd
OPNATAITY MOT VYSSH

yo3eMm JIoU3IBOM PTIOM

SUOTAIRAIDSO YIIeq
SWIATICW "~OISY
(D1¥) Yvda
OTisswoQ BIPUT
Teurbsy v °S
OT3sSBWoOg urIpRURD)
A esTo3ur

oT3sawodg °S ‘N

SUOT2®O TUNLIWO)

LTG0 HIYYE YSVYN-NON

JINNILNOD ‘SAVOTIAVd CQINNVWNA ¥04 ALITIEVAYD HILLAHS J0 NOSIUVIWOD




Y+
Y+

b le]

Y+
Y+

oT

Y+
Y+

o+
o+

o+

¥+
Y+

Y+
Y+

O+
o+

o+

Y+
Y+

AgATd 3sexay,q 32wo)
OTI309TF ARIOS 3ITod PTOILASY

Kgbutmg suniyden-uexn-I93TdNnp
Agbhutmg oanTg-31es-I23Tdnp

IJoaTcnp

SI93TAXQ0 JI9IO0TAXT SNUSA
SOCOoOXg I9XOTAXT SNUBA

I23TAIQ Saew =231ey eied uUbTH
LL BUTTA sIen

AIVLANYIAEELNT 3 AYYLINYIG

JEIANILNOD ‘SAVOTAYE TENNVWNA ¥O0J ALITIEVAVD FTILIAHS 40 NOSIEVaWOD




AIYTIAITIA d9 IONNVYD ‘X

QIYIATITEA H9 N¥D ‘4

AONEN0HIYI NO SANITJId 0LT
(LIWIT °YIQ) / / / A 0LzZ
X X X X (LIWIT °v¥IA) oLz
X X X X X X 00T
X X X X s s 0LZ
X X (Teutbaen) X y, Y 0Lz
X X X X X X 0LT
X X X X X X 0LZ
X - Y, -~ A - u 00T

PUIoG"8C "PUILGS °DUI.S°8C "OUILGS "OUIG°8Z °"OUl.GS  opnataty
9T33nyYg ooeds
soF M 0T SOF M G2 sod M 0%

SAVOTAYL INIWITIE WVID0¥d TOLYKW

YEAITIQ OL ALITIEVAVYD ITLIAHS J0 NOSIEYAWOD

SOILSIDOT
(NEZW ZT) NOIIVIOY MIUD
SOILSIDOT NOILVIS FOVJAS
YYINAOW
TYIOILNT

dTLLOHS ¥YYATONN -

NOILVYIS INIANTJIZANI TIVNS
NOILIVLS ¥YINJONW IONYTI
NOILVLS INIANZGEANI IOUYT
NOILVLS € dSYH4

ZTINQOW NOILYLS EDOVaS -
SINERITE WYD0Ed ¥OIIW
LIEE0 SOONOYHONAS -

aoda




\
\a

(TUNIDIYN)
X

XK XX XSS S

KX XX M XX
bl

KK M

d¥0T INVYTITIdOYd TINS HIIM JIVTAITIC T IONNYD ‘X
avoTl ILNVTIZJ0¥d TINd HIIM qIYIAITIA 9 NYO s

00T
0Le

0CT
0LZ

00T
0LZ

00T
0LZ

00T
0Le

M XS OSSN SN

00T
oLc

00T
0LC

TSSOSO ONNS OSSOSO NS NN
R T Y
R T S Y T

LT -

"PUILG"8C "PUILSS

80d A 0T

*OUI,G°8C °"OUI,GG °DUIL,G°8Z °DUILSG opPN3ITITY
9133nys o@ordg
Sog M S¢ sod M 06

SONL LIG¥0-NO dIAYOT ATINJd

YEIAITICQ OL ALITIIEVYdYD FTLIAHS J0 NOSIYYIWOD

IT EEN¥Nd WIANYL

YNIDY

JOVLSNYEL

LNIO

INIZD °AQY

(6°=Y) 205

(8°=Y) oa%

SONL -



" AILYIOWNWODOY

dd LONNYDO mMQHBDmm YVEATOAON ANV SEINAOW NOILVYLS TOV4S ‘S50 VIDYVI THL
"AEATI LSIE¥YVY,d

LEWOO HHI ANV DIVLOIATI ¥VIOS ITIHE AIONALSY ‘SHF0¥d SANZA FHI O dIIDINLIS
-T9 I9 ATAOM SNOISSINW AYYIANYI4 HHIL “OYZH ANV A IVSTIINI JO NOILAZOXT HHI
HIIM SNOISSIW IIGYO HINYZ THI TI¥ TIVAOWWOIOV NVD (SESYD IWOS NI IHVLS MOIX

FIO0AY NV SNTd) II ¥EINYANL ¥O ¥YNIODVY NV HIIM NOILYNISKWOD NI ¥O HENOTY HATIILNHS

SHTLLAHS ¥VATOAN ¥YYINAON ANV TVEDILNI
‘ SETAJONW NOIIVLS IDV¥dS TIVY

:1d30Xd SAVOTAVd TIV SHIVAOWWOOOY SAL ¥ HIIM NOIIYNIEWOD NI ¥O INOTV TILINKS

SHTNACOW ATLLAHS ¥WYITOAN

90 FTLINHS YVITONN TYEOIINI
NOIIVLS HOVdS INAANZJIZONI TOMYT
‘90 NOILVYLS JOVES € ISYHA

*LJIDXE SAVYOTAYE TIV SEILVJOWNOODY HAL ¥ HIIM NOILUNIFGKOD NI ¥O ENOTY ITIILAES

KIVIWNAS

0T

x4

0s



SHUTTLE



WAOHLVTd INIWIYIJX. ©SV o ITTLLINHS 3HL  (a
NOTLNTOAT LNIWNYLSNI (D
HONNVYT ANV NOISIA JLTTITILVS NO LOVIAWI FHL (9
SINIWNAYLSNT SSVTI ALITIOVA 40 LY0dJddNS IHL (V¥
J7dWIVXE d0d
TWILSAS JHL OLNT NOTLVUDILND SLT NI UViddV
SIOVIIILINT MIN LVHL SNVIN ALITIGVIIVAY 3TLLNAHS -

LINGWATT TIVIOILNT NV SV ATLLNAHS
dHL FAATONI LON S304 THAOW dVOolAvVd . isddd JHL .

ITU0W AV0 iAVd GHL NO LoVdWI 37LLnHs




[

00681
000¢ I AVY DIWSO0D
0667 AIAYNS HLYV3
$89¢ 11 ;
006¢ I AWOMNOULSY ¥V¥10S \

{

00004 OVaH |

SAMNOd 0099 3400537131 1,021 OVO |

EERE
V oL dIHOVLLY NMOT4 39 NVD HO [HM
HLTM SLINIWNILONT 0¥V AV A5 aHL

|
f
“

d0 NOILVLS 32VdS
SAWILIAIT INATSN ONOT

SLIMIWMNYLSNT SSYID ALIT1OV4 IVIIJdAL

*
|
,
:
|
|




..\\.\.u‘-.\.u\.\.\\\.“.c-\. \J\\\’ . v )

; 7 % a\a .

i
™,
o

o
<
A
N
W)
™~

L

J
J
\\)
5
(Y
}
S
]

N ]
W N N RIS Pl BN . ‘
7 ...QJ‘.?:«V\\‘ N\.\L v\\\\\rﬂa\l w _
‘ \\ . i
i
emi, | |
: |
M i
'
4 | |
> ; !
: ; |
s .
£ ' :
: m ”.
. “ .
: N .
; {
.nlu.a\J\... TR // | i
g e rpp e > | |
EREey \‘.\‘ evds N\ | ‘
B '
1oy \ . . :
St Of L, | :
A S |
i

7
——

Ao Ve Ay TN - ..\i\\
T \\» \\\.\...,. D .



™)

o S AL LI

STy S L:.L \\\

¥ ) w

a... <
7 AL s N s
. D g o
SN e a . r..l
PR . \l \\\ e .

[ I

‘\N\..\n\u J“x.\.\,ﬂ.ﬂ.l\(.,m.\..w. e .‘.q.u.ua. \.:w.\. \.\ \ \. \.\ .J
/7 \\ ———ee ) ‘“\. / \ \ ==



0009
0091
0002-004T

SANNOd 00¢1

ALIT73LVYS LSvoAavoudg

WILSAS JLITTILVYS AV IiZY Viva
S1V

SNIWIN

SHTLITTALYS 4NNV N




"NOISSIW ITLLAHS 3ITINIS ¥ NO 3791585300y

SALITIILYS 2YOW STUVW (o0 ‘WN 000702 {60001 ‘WN 009

"082 ‘WN 05z ‘B ®) SAWIOIY SNOTLYNITONI/IANLILTY
40 d3GWAN TIVWS ¥ OLNI SHLITIILVS 40 ONIYILSNTID -

TSINIWIYINOTY
ALTTTAVITIY LNINOJWOD J9IAZS any AONYANNaTY
AOUVELLSNT SOTLITIAVAYD divdiy gy

SS3I0OV A9 QINIVLIO 39 NVI ALTTTEVINIY 30vds (D

TSULVAIY AYVT WO HILYUVI 0.
AaNaNLIAd 39 NVYD SINIWNYLSNT IMTLINT NIAT
YO “S3TgWISSY 4ans JONVIW “SLNINOLLHO0D d3tivd (g

TSINIWIYINOTY HINNVT
—3dd IHL 9NIONG3IY snHL A0VdS NI QaZIWIL4O

ANV A31V¥dIIVD “ganNoI1v 48 NVO SINIWNULSNI QY

ASAVI3E A7 11vay 39 1y SNOTLONQ3y LSOO LNVIOJWI -

"NV1d
VSYN 3ONVY 9NOT 0361 - 06T IHL NI ILITI3LVS

AdAAT AIAATTIA NVD UNVLINTD VoSId 3TLLOHS Y Sz v .

SINOTNO Lo Van

ATLLAHS




INIWIOVILAY
3TNA0W LT9d0 NI ANV SIHONNVYT IATdILNW HONOYWHIL ALISYIAIA AVOTAVd

ATSNOENVLINWIS ONILVYIHO SIJ0ISITAL £-Z WOYUd LNdLNO 3IIONIIDS AQVILS

NOTS3Q 2ISvVa FWVYS
ONISN 3ZT1S Id02SIATIL NI SISVIUONI TIVWS A9 AIAOUI™MI IADNIIDS

WIALSAS ,,08
LMITVAINOI 40 IONVWYO0 '¥3Id dILIWIT NMOTLOWVHIA4IA SI V05D N91s3Ad

AONVIILO4d3d
WALSAS VITLdO YO IUNOTH YOUAIW 40 LSAL LI9U0 NI dINNVId ON

AAFA0DIY ON “IINVNIINIVW IVLIGHO ‘HOV3I
W 00TSv LV (020 ‘08 “,09) S3d0DS3ITIL TVUNOILVYIIJIO 40 S3ITIS

1vVS0dodd L23roud ovO

SOLLSTUALOVYVHI WVUIOUd AYOLVAYISYO TVLIUYO



{
4
{
!

st £ e St - : . A -
| UMM M—— - 4 |
T T - : | - _
b e m T _
t

- wasd 4 B St nw

-\
=

|
|
{
§
i

=2
~—

(&)
L.
Led
*% e e “1: . e

N AN AT A e
n.ﬂ/ ....,:UD \/N./:;.:_H S C(_.J

——e e B R e e e e e v e eronmm e te ke e e oo e e = S 22 & e % e e e e e e em e Lt




I0NZ1MI4XT OY0 INISTVd NO Q3SYE 2417 T1ava0y d —m———
(7 Q¥0 d04 3417 TYNLoY) HIT N9ISI - ——

m/: _\/ 0
R — o | . (9 0v0
— “ NOISI YA €4 4 0V0
| ( 30v0
o e M,wo<o
== ==~ N9IS3Q YA 1§ 9 OVO
$é = o LV OvO
VoL {80 {0y 9L pal vl el Jel [ 1] 00|69 89|

Awfhg;w N WYE008d V5SSO

104310 HONAYT 0%0




INIWI0Y1d3Y
O Nt QNY ﬂm;o NENLIY ANROUD HONOYHL ALISYIAIQ QwQTAY
E0dN AN

NY mhmm_ 1. @ 1Nd!N0 FON3 Cm Cdld N3N

WALSAS ONFISTXT ONRINOTIY A9 d3AQNdWI 30N3IDS

AT ZONYWEOZuld AILIWTT NOTIOVZ41a 02T SI 1v09 N9T, 34

ALITYOD 3d00STI3L 40 ONTISIL L1g¥0 i

[ (.

NIEL ESYH NEAIIY H1UY3 ONIUNG Tava9dn d0aSTL 020 TYINIWE0 1A30 310

ILHS 40 SDVINYALY XYL 01 1VS040Ud

SOLLSTEZLOVAVID WYE2" Y] ANDLVA¥ISEO TVLIEHD




| 7
” /
m | ey €
“_ - /v U_ ’ 3 RN

) Sathie

w u 2/,_,,. ONTS T .
zy_,ﬁ._.%f LS IS
M 3 u3 _.-.fov,ﬁ__%._-ﬁ HUM Q71S3L L0y
| | AONYWNOHULd OILIWIT NOTIOVEE31d
m
| | vl AIYWIY
| I IR o b 1)
!
| |
X
| _.
.” |
| rr//V//w W \
| el EIRION E,_.-_/; N:
‘,“ U,__..,__;_.__._sé,_ JINI AYVANOD3S
I QRN Y TOUTAINT HLLAL NOTLYYN9ISR0D O .M
“ . ,/,f ~ | o i e



Y

Syl

)
/\OL

VAN

0261

|
|
|
|
|
_
|
|
|
|
w
|
|

1:SS300NS STNOTLVIENILINODIY IS YL 41

Luzziwo

P
mcL

d QaLh

6461

SNOILY¥dO 3d0OSIBLILLAHS 03

N zo__u<,.__o

SO11d0
QIAOULWT HLIA
NOILVY2L0

- ey

RRPNIRRACS |

SAONNANN

R S

[%2)

I i

S By e

< [

por® Ry (@]

PEANCS] -~

r <

>

m .

— P

[ o}

%) m
o
o
Ry

m

13

IAILVEIO LON Lie LIL

-

e

C3L

VETROTIDVE:

NOTIVY:

NOITLVEZ40 30085130 IV LEVe

HLEAY 34008

261

MR

NOEN

ONTIS2L
O <1 I

ey —

(KR!
.

[

_

_

|

_
=
o
) w
!

_

|

!

0

3.0

-

Al
 ——

ucouvuq‘.:.

NOTIVY3d0

WY

.

w2 a0bo0uy

BN I

S e e
.

.= e

TSRS M)

—

-

CN3917

N3y

-ISnrg

WL

)

\
MR

LA o R B




CCONIYNOTANOIIY UNV “YIVdIY “ONIUOLINOW
Y04 ITGVITIVAY 39 NVD NVIDINHOIL ANV ¥OLVOILSIANI IHL -

) TSLIGY0 ADYANI HOIH OL SS3JV
CAVH O ANV O SNOISSIW Ligd0 dv10d WHo-1d3ad ainod a1LlnHs 3aHL -

*1LVNOIAY
ATLNINVIYS UV SLINIWNYLSNI AYOLYVYOLVY]
AUVANYLS 3SNVIId SNOILONA3Y LSOO INVIIHINO9IS (a

CSLHDITA
AVYIADS HONOYHL SINIWNYLSNI 40 NOILNTOAZ d1dvy (O

. ONMITTOAD LMaWldadXa dIdvyd -0
ISNY238 SLSTUINIIOS Ag NOTLVAIDILYVYd A3ISVIYOINI (4

SIMAWTYIGX H0d SIWIL aYdT aadnaily ATLvads v

1210dX3 aIn0d INO “17LLNHS
L oL aillddv 39 NVD FONIIUIdX3 066 HIVAMNOD S,VSVYN 41 -

WO LY T LN LdEdXd NV SV HTLIAHS Tt

i



‘wy¥3d ITLLAHS FHL NI SNOILVYI40 AVvOTAVd

SIALLYNYILTVY NO SNOISIDId dOorvi uod SIsvd VvV
29 OL d3aN JAOW LNIWIYIJIX3 a¥v0d-NO
JHL ANV FCOW d3LSISSVY-ITNLLAMS FHL NI

SY LNO CATHYVYI
ITLLNAHS 0066-AD
SNOILVYZJL0 ANV

NOIS3IA IL1113LVS 40 $31ANLS OIWONODI GNY ONTYIINIONI QUVH -

SVWU0AYId NYO NOILVLS ¥V ATINO
HOTHM SNOISSIW ‘NOILVUNG 9NOT LNV LYMOdWIT ,
JYIHL YUY CSNOISSIW LYOHS ¥0d4 NOILVILS
AOVAS L LT TATLTLTAWOD ST L WYMOALY
INTWIUIAXT NV SY 219V IIVAY s 2HLLS v 41 (9

‘ SUTLLNNS ZHL A9 MO NOILLVLS
JIVAS ¥V AD QILY0ddNS I9 SLMNIWNULSNI SSV1D ﬁ
|

ALITIOVE 39UV ANV S310A0W ONTATA 3:dd GTNOHS (VY

ITdWVXT M0 TA@3ISSISSVY 1T NVO LNIWATE HoVE "0l d3IN JHL
TY0439 gISTIAVLST 39 1SNk (SATNAOW 5SS aNy  “S3LINTTLVS
‘WSS CHS ONITANTOMIY SLNIWATI L4VU2IDVIS TV T LNDLOd

OL SLNIWI®IIXD SNIMIT1SSV MO4 VIJILIdD 40 L3S IvNOILVY WV -

CAUVSSADTAN ST O ITUUTIVAY

ST TTLLAHS 7ML NN NI 13a0W Vo TG avoAvd JHL

V04 NOILNTOS HATLYMAILT NV NI SdALS LSdId HHL ATINO 3™V
SALDTJdS0oUd VSSO L ANV TTI0OW dVOTAVd NOILVLS 3OVdS dHL -

*SI50JdUNd DN LNV
VSYN YO GIaNTA4da A6 od 3YY SNOTSSTWA ailV SLSTUALNI GOd -

SRS ST 0 VHYdv0dd




mJ\m\\\\

ATNO LN3IJSY ©
QYOTAYd 39¥V

09¥VD ATng

SOIWONOD3 - d
SNOILVINOIINOD - - avon

WVYdO0dd d3LVIDILNT - \\\\ :

| GIASST NOTLVINO4dSNVIL

IR EVAS
Id4L ANNOd
AVd TIVWS

‘M3Y¥D




RN

*S3SATYNY LSOO TNOANINVIW 3T76VN2 OL
WILSAS NOILVLYOASNVIL 40 Ldvd 39 LSNW 3ITLLNAHS

*1d3ONOD V Ol
INIWLIWWOD ¥0d4 LN3IIJIJANSNI - SISATYNY JIWONOO3

avolAvd 81/$

LHOIT4/$ SNOILV¥3do -
. $ violL
AVIA/S IN3IWd0T13A30 -

VIY3LIYDd JDIWONODJ3

SaANSSI JDIWONODI 31LINHS




IIDIHIA NOISSIW ILVviVdasS -

SNOISSIW A9¥3IN3 HIIH -

INIWIOVId3Y 3T8vesS FMDIH3IA HONNVT -
NINLIY ANV A¥3AIT3A dVOTAVd -

3TLINHS 3FIVdS J0 304

39VYddI1S J0I
37LLNAHS OL 3INA 4SW NI SNLIVIH d0d4 ADNIONILNOD

SOIWVNAQ/ALNIVLAIONN T3Q0W D1ddVil

S3NSSI WVY90¥d QILVIOILNI/ITLLAHS 3IVdS




!
)
i
{
i
|
{
i
|

"M00T-0G WO¥4 40 QVOTAVd 3ITLLAHS ¥V HLIM G3IHSITdWOOIOY 38
dIN0) 80P NOILVLYOJdSNVYL TVLOL LVYHL 3LVOIAGNI SYILNID » s
_ W3LSAS ONIL4I7 393V d40
SOIWONOJI ANV ALITISVIIVAY. A8 GIONINTANI JIdd4vyL -
ALITI8VdVD onmmHzm>m GIONINTSINI 21d44VdL -

i

$3NSSI

HQ6T HONOY¥YHL 9L6T - T3AOW NOISSIW NVId Q3LVIO3LNI:
009 , 0 m ‘09XEE 00T
008 0c < | 09xXce 0%
06/ O < : O@XmH 06 b
004T of < , w 09XSGT HG2
I1LINHS A-LVS : 3Z1S THOI3IM

%S1HOI1d 40 Jd3GWNN " AVOI1AVd 31LLNHS

312dval -




e g mm e s

H ' m : _
” | j 4 “
m ! | h j
T P
“ , : w
- M |
- |
37DIHIA HONNY1 ¥3IHLO ON SdVHY3d - N0G < -
. | | |
I1DIHIA HONAYT 1417 39¥V7 Q3N - %06 > - ) .
” . | N M
N | 3Z1S QvOlAvYd .
| ; | |
; : ! '
| i
: meo PMM& M wszHm .sz‘PmH g 3SVHd ANION3I
w _ | 37LLNHS
N |
vV 11V Navo _ m_HH_mm%m 3710 IHIA
j01  +¥3A ZId0H | 31LLAHS
1ST 1ST M _
[Tgl6T | LL6T [ 9L6T [ GLZ6T | xl6T | €l6T | 2l6T [ TL6T | 0L6T |
o 37NQ3HIS LN3WdO13A3Q - |
M : A. !
o | 7300W oIddvyL e |
o w - W | !
- S3NSST FTLLNHS 30VdS |
| | -
_ | m
. ]




LIS ONIANVT
3A0W ONIANVT
1d08v LOVINI

(NMOG-dN AQV01AVd) 3IONYWY04¥3d

SNOILVd3do

NOIS3IA ONIM

aT3Id4 ONIANVYT

FYNLINYLS

(S3NION3 13/ ANV SL3IA00¥) NOISINJOYUd

SWILSAS NOIL33LOUd TVWIIHL

.

SW3LSASENS AIINIITH0 NOILVANIIANOD

A907IONHIO3L 3TLLNAHS




|
|
! {
{

e T

e e Tl ot r—— e e e -

m
i
|
|
i
i
]

_
i
|
”
'
|
|
i
I
t
t
1
t
_
|
-
)
i

|

. i

' t |
|

LNO%33H) ANV TOYLNOD/ANVWWOD om(omlzowm>Hmzmhxm

d3118¥0 ANV ¥d31S009 40O 3JIT NOISSIW 00T

. ALITI8YdYD ONIHOLIQ/AQVOTAVd ,717Nd HLIM L¥08V LOVINI

ANNOYWY NYNL *MM 2/NINLIY *dH §2/dN "¥H §2/HONAYT *23S 09

(LIN3OSY 98) ALITISIX3Td XIW 09¥VI/¥IONISSVd

dI¥L ANNOY 1/d #/¢ 00T ~ 3d¥NLN4
AVM 3INO 1/d #/¢ 000T ~ LNI¥AND

1S00 ONILVY3IdO NI NOILINA3Y W-40-0/WILSAS 3T8VSNIY ATINd

u NOILYLS 32VdS OL WNWINIW SANNOd 000902 LHO9I3M AVO1AYd
‘C.09 X ,ST) 3ZIS AVOIAVd ‘SANNOd NOITTIW G € > LHOIIM SSOUD

SOILSIYALOVAVHI TTVNOILVIZLO

(IVvIOI¥12313 NI mNou SW3LSASENS 1V NI mm<m14H<m\J<ZOHh(mmmOIJH<m



i
!
{
i

(M/L HOIH “04S MO1) NOISINdOdd ONIHLYI¥EYIY QIINVAQY ©

4315008 B ¥3LI8Y¥0 04 ONIONV1 AVYMNNYE ©

(FYOW 40 "W'N 00¢) v,_o<m>.E 431s008 ©

SNOILYJ11ddY SOINOIAY .omuz<>o< o |

m_mao_zxom: ONIQING ANV m._<_muh<<< IVINLONYLS dIONVAQY ©

INITONI LINJ0d NI._-xo._ F1ZZON NO1L1S0d OML/IYNSSIYd HOIH GIONVAQY ©
W3LSAS NOI12310¥d T¥W¥3IHL-0¥3V 031000 NOILYIAvY F18VYSNId o

8.20m5&>: ANV JINOSENS) SNOILYYNOIINOD ONILIT ©

i

- SINIWIYINDIY WILSAS




'
i

| : |
; !

i
)
i

HLMOY¥S ¥3LIGYO OL INIWLSNPAY 404
SMOTIV - ¥3LS008 318VSN3IY 40 LNIWJOTIAZA SAVIEQ-

4 ' @aHS118VLiS3 S1502 9NILv¥3do-
Q3AT0A3, ASOTTONHO3L 310 1H3A 378vsSNad-
¥3118¥0 mqm<m:m¢«¢mhmoom 3719vaN3dX3 -

ALITI8VdYD ONILAI7 39dy7 ¥0d4 43S0 9vLS 318VANIIX3-
431L18Y0 XMJ&ZOU 40 thZmOJw>mo SAV13Q-
| QIHSITEVLS3 S1S0D ONILV¥3dO-
G3A10A3; A90TONHOIL F1DIHIA 378VYSNIY-
(WS2) L14vd230VdS ZNMU\mNWHmmo 378VAN3dX3/¥3LS008 3T8YSNIY -
. - | SNOILVYNDIANOD -

i
{
{

. )
SYSIY TVIIDOTONHIIL S3oNA3Y -
ONIANND AVNANNY dv3d $3oNd3y -

| ONIANNA J(DZZ< Adv3a S30NA3d -

' P
! |

,
i
i .
{ !
|
!
|

'SIOVLNYAQY -

!

|
|
i

.
. '
V
1} .
{ .

- SIHOVOYUddY LN3Wd0T3A30 TVINIWIYONI

,
i ]
‘ _
| ; ! _

! .

., ; |

i

|

_

i

I

i

4

i . :
. i




~

e e i e e 4

| : w ;
B ' " m
| : “ m
” ” ! i
| | | W
| | | |
, , _ m
M , w |
o | i
o . |
! !
i |
L | |
BN
b | |
;
_ |
| __
!
| | ' SO IWONOD 3~
LN3IAN3d3a NOISSIW 3¥V SLdIINOD-
Q3LVNTVAT AT¥3d0OY¥d LON S1d3INOD 3IWOS-
_ , SaNssSI -
JYVMAQYYH 379vaANIdX3T -
L18¥0-01-39V1S-3TONIS -
SW3LSAS 2ILSITIVE 379vSN3y
SITDIHIA MIYD ILVIVLIS -
S1d30NOD IAILVYNIILTY
| |
i ”
i |




37

11840 Ol 39VLS 3ITONIS

GVAN3IdX3/3¥00 I18VSN3Y J/S

_A ,m _,
; _ " |
b |
W ; | M
. | |
_ ~ $39VLS:ANOD3S |
) . i H
| ANV LS¥Id 378vsSn3d m
“ |

|

i

©

M <
_ _
“ m _
o |
| : |
w ._ |
m : M
w
H ' ~ m
o | |
378VYSNIY/¥IL 006 | QIW |
S |
w w m¢ w
: ; — j
-
| |
M |
4, ” | . |
oogr
, i , {
o V| W
! I

o | |
! , ﬁ W
SId30N0D I 1LLAHS 3ATLIVNI3ZLTV
| _ ! “
: ! ! w
% : | _
: R | i
: i ! :
& ;

39VLS ¥3ddN

'3718vYSN3¥/801

H

_

AR




g3yI1s3qg si
SANNOd 000°0G 40 ALIOVdVD ONILLIT V ‘SAV0IAVd L13VYS
¥04 ITOIHIA HONNVT ATINO 3FHL 34 OPMmH 3TLLAHS mrh 41

*NOILNYD HLIM 4d3sSn 349 LSNW $1502 31N10S8V
lng ‘3781d3¥d ATdIVd 3¥Y SLSOD 3ITLLNHS IAILVIZN

W3ILSAS NOILVLYOMSNVYL TVYNI4 FHL ¥0d4 AYOLVANVW HOZ 1n4g
@3¥1530 SI 037 o5°g2 Ol >hHu<m<u dv01AvVd ANNOd ooo OOH v

*1S0D vVL0L 3ISVIYWONI ANV
‘901 ILYWILIN AVIIA “3ANLIANIAX3 AT™VIA 3ONA3Y T1IM
Ld3ONOD 3TLLINHS LN3¥YND 40 INIWJ0T3A3A A¥YNOILNTOAZ

Ld3DONOD 3TLLAHS LNI¥AND
HLIM 379ISV34 LON SI ¥317Id4 d¥D AYVNOILNTOAL

SNOISNTINOD

e ———————

e i by b



A ——— —
frame

LARGE LIFT CAPABILITY



wexboxd IeUNT WIIOAIUT YITM KAITTTETIRAWO)D
2h®1S 3ISIATF WTISIUT YT XITTTTIRAWOD

obeas PuUOODS MBU SA HBUTISTIXF

aTgepusdxe TTe sA 9beis xoddn I93s00( ST23NYS
SUOTSSTW OTISTOOT WIIDJIUT IO0F AATTTIRITNS
Juswebeurw AIOZTUSAUI/UOTIONPOIZ

JusudoToA9p uﬂ0H£m> MON

oseq uoTjzonpoad uelTI 3ITOTdAXZT

uotionpoxad gAIS A0 II S IARISIY

(FIVYE TSN MOT)

SENSSI ALITICVAYD LJAIT EDYVI




TdHLS00d ITIVSNHYE ¥0od

8%

29

8¢
S v
9%

9°LT
£ €c
a8

94§

D R R B

oLy

KTuo spoul 2623s-~AIRUTWTITDISy
(X 00L-00%)
+00€ SZT< 0ST< (°m1/%0T) MEIN
x002 STTI< 0ST< (AT¥ZA)ITI S
%0G 06-0L G0T-0g €AIS
SEDVIS ANODIS ITAVANIAXT JO AUVWKAS
STL 0ST< 0GT< MIN/09T
06% 0ST< 0GT< IIS/092
G8T S6 S0T gAIS/02T
08¢ GeT 0ST €AIS/9ST
5:33 98 S6 gAIS/092
SLT 08 " 16 -1 III &
SLT ss 79 -1 III &
06T (103¥Ia) 081 0LZ TZ-INI
€E€T 0ZT 09T 0Z-INI
g N SS X 0LC 8Z X 00T
SAVOTAVd NOILVINOIINOD

SLS0D

SHTOTHIA HATSVANIIXE 20 RIVAKAS



SAISIDEC Z€ CdTN0D
SINZNIIINOTI WYIDH0Yd Y¥NAT SHmMBVH YO/ANY SDILSIDOT WIVIINI FIEISSOd

w

CIDVLS MIN SA €AIS ¥O0
NIVIGIONA NOSIUVJINOD LES0D

12/6Z INI O
dTEVIVANOD ALITIEVAVYD AVOTAYd FOVIS ANODAS ETIVANTEXT/¥IILS00T STIIAHS

-~
o

H

NVLIL ¥0 0Z/TCINI HLIM ZAIIIIZTIWNOD
JATILVATEEA NINLVS EAILOIAIE LSOO EAIS/S,IIS ,0ZT INTWOES NIATS

dLVd FsN MOT HLIM IAILDAILL LSOO ION S,IRMS ,09Z ® .9ST

S€T 000‘00T > AVOTIAVA
NOIIONAOYd III NYIIL ONIOANIINOD NO SANTIZA
IAILOTAIT LSOO FAIIVATIESQ HIMOUD NVIIL

4SS0 MOT ¥04 SNOILJO ITIVANZJIXE YHHLO HIIM FAIIILIIWOD ISOD 0C ¥0 TZ aINI
WHTE0dd ¥ LON ALITIGYIOLS TOVILS

dOLOVYd HAISIDHA LON SLSOD dN IMVIS ¥OIOVIINOD NINIVS

SNOISATONOD



s ———— ST
v
TAeawcnal
V3

<
E
- ")

ZEIEPIER
wiToroezs

FN
e

a e
O
R

_Ja

leL)

Brdvic

zs

oy-Lof
7 GN

b

~ ; Q\_\h

(vInly S

@,



SONIMIJI HFOVIS LIIVIS SAAATONI ‘LLXI DOT

QX IN0TE gAIS NO T¥VISEY

(SYINIVINOD NI QI¥OLS SINIONT) SWATLONd ZOVNOILS ON
VZ THIOW ‘NOIISNJO¥d A IVS ON

(ODASW/SIAYT ¥ HIIM NODITHIL) SSZND ISAE 0Z-INI

S 9 HONNYT
S S NOILVIJOJSNWIL
QL 94 NOILDAJOoEd

TG 99

- I

0 € HONOV'T
— e

C

CTT (0ET) dfl I¥vYLsS

SL JFJdad

U ::mwwq . (Tvzol) o=y  NoON

T

*SHION

(TVIOL) SNI¥YYNDOEY

*SLS0D

(IOZEIA) 08T 02T _ SS X 0LZ
0LZ 07T . 2/T 82 X 00T

:SAVOIAYd

TZ-LNI 0Z-INI NOIIV¥NDIANOD

SHAILVATIEA A NEALVYS

)
O
O
O




(VLXD TTIVIIVAVY ISIITIVI) LLAD O0I °9

TE0I¥d NIVLNIVA OL ZHOLS ANV ANE HIVYITIDOV NVD HN¥L ION () 4T *(¥) NO FHA¥ND ODONINJGVYET ON °§

iy

LL6T ISOd NVYLIIL JO °*QO¥d ¥X/ZT NO INEANZJEQ SISOD %
.mw\@ GO3-Z$ ¥O dLE IV SLSOD HONUNILNIVW ALITIOVE °€
g§L€07T LY HONAVT °C

*SWHTEO0dd EOVY4IOLS ON  °T

:SHILON
L-Lz €-¢€e (QILVI ~-NVNW) _
(TYLOI) SNIYINOTI
0¢ , ISEL IHOITI'
ovda
€°6¥T W : a3Yaa
(YT 80 BIOE) €°GLT B (TYIOL) "OTd NON
: SILS0D
08 SS SS X 0Lz
16 7o Z/T 82 X 00T
SAVOTIXYd
y-1 IIIL :  z-T III NOIZVENDTINOD
NVLIL S¥00 YHALIWYIA TOWUYT
™ 0
N\ C @




(5235 ¥ 005~

DI9YM DICVMDIBY TAT

"

Wl oNw
3

|

OV o
Ko<y
O

06T<
06T«

09¢

\\)
,/;I\

007%)

"WOY D/€ S$3ISOO0 - SOTPNIS DSNOY-UT YDIeosSoy STMOT UO paseg °p

SATITSUDS 930X KIDA S3SOD WS 9GT 8 097 €
w097 Se swes pswunsse $31S0D 9G] °g

(posn

S %) S3s®3 JYBTII oM} IOF OIMPIRY YIS 09Z B 9ST SOPATOUT Zvudd I

9 G°9 9
z r4 4
0€ o€ 8¢
8¢ S'¥¥ 57
0§ 0T 0T
G¢ 0€ G¢
00T ove o0y e
G381 03¢ cs¢
G6 GET 98
S0T 0ST S6

/L)Y0ZT-T /(F)O9ST-T .

/(L)0ZTI-¥ /(%) 9ST-¢ 092

SAIS

(QZLsS00g WIS TIV)
SEHTDIHIA HONAVT dTI9VANIIXET ¥THIO

™
W/

$SULON

HONAWVT
CSNYIL
aodd

2 (TYIOL) ONIMMLDTY
ISEL IHOIT
Ova
cestate

HAAQHOBV *OTI " NON

SISCO
€S X 0Lz
Z/T-8C X 00T
SAVOTAYd
VIILS00d
ZOVIS dmddn
NOILYINDIINOD



-

O

0¢

00¢

00L-00%

MIN

O

4/S ¥VN ¥0 DVADW IV SISOD dn IYVLS HANTONI ION SZod P

SUNIONZ sIdNTOXET *¢

wou o/9 °¢

(D4SH ‘SIAYA °*¥ NODHTHEL) SOINOIMISY SIANTONI - °T

S¥ 81T

1052 0s

000T 072
"AI¥ad 115 GA1S

(58009 AILINHS TSn)
SHOVYLS NOIILDILNI ILITHO

+ $ SHLON

ONIYENDEd
mm.z
(M) IHODIEM SSOYD

JdAL




SPACE TUG




W3LSAS NOISINdO¥d °0/°H NIVW -

SNOILVY¥3dO 318IX374 ANV “ALITIGVSN3Y ‘3417 9NOT =

JUVMAUYH WYY90¥d QILVAOILNI HLIM SIOVH¥ILNI -
ADOTONHIIL

. SLSOD SLIM ANV S3TNAOW 9NL 33vdS
S03 OL L123dS3¥ HLIM ONISVHd 37NAd3HIS 9Nl 32VdS

_ ! . SO03 40 3IWNTOA ANV LHOIZM 4Vv0lAvVd -

(SW3LSAS VLIGYO
HLIM S3OV4Y3INI 3 ‘G3SvE 30VdS ‘Q3sSvg ANNO¥H) SIAOW IVYNOILVIIHO -

NOILNGIY¥LSIA ADN3INO3Y¥d NOISSIW -
HOVOY¥dddV N9IS3Ia ANV 3ZIS SNl 30VdS

g3asvg 3I2VdS ¥O/ANVY a3sva dANNOod9 -
379VYNOILS3NYD LIGY0 SNONOUHINAS OL 9NL IIINIS 40 ALITIQISVIL -
S3T1DIHIA 30d04 ¥IV ANV VSVN N3IZML3g SITLIAVIIWIS TVYNOILIONNS

SLNIWIYINDIY SNOISSIW AUVLINVId GNV ¥VNNT ‘11840 HLYVI-ALITYNOWWOD WILSAS

SaNSSI 9NL 30VvdS




o

— e

SINIWIYINOD3Y Q0AQ HLIM NOWWODs:

JIANVYT IATISTINdOYd SUVW

(SNOISSIW
A9¥3NI MO1) SYIANINYW 3ANLHVI HLIVI ANV 3dVIS3 AYVLI3INVd

(NYNL13Y HLAV3 ‘3Q0W L1dY¥232VdS vnad) 3NJ3s3d
. SYIANINYW NOILDIAA0D 3ISYNOOAIW

AJV13NVd

W3LSAS ALITIEGOW 3DVdANS

I0V4YNS NO 3SVE WA3L LYOHS SV 3TNSdVO INL

3N2S34

JOVLS HLh A NYNLVS

SAVOTAVd 30V4dNS ¥IHLO ANV 3SVE 3JIVIANS JVNNT 40 A™3ATNZA
d34SNYYL M3Y¥D L1840 OL 3DVLYENS ¥VYNNT

JYNNAT

L18¥0 SNONOYHINAS OL 3ITLLINHS M3¥D

HONNVA LAV¥030VdS ANVLINVIAYILNI GINNVWNN ANV 3LIT73LVS
3NDS3Y LIG¥0 NO

«NOILJ3dSNI ANV ONIDIA¥3S 3ILITIILYS NLIS NI

x(SLIgd0 ADYIANI
HOIH ANV 3LVIAIWAILNID TIVA3IYL3IY ANV LIN3IWIOVId ILITT3LVS

AT18W3SSY 35v8 J0VdS .

- NOTLO3dSNI .

ONId33X 118¥0 -

ITLLAHS ¥V3TINN ANV SO3 WOU4 SAVOTAVd d¥IJSNVIL -

SIILIAILOV 1¥0ddNS NOILVLS 30VdS ANV 3ISVE 30VdS

11840 H1idv3

SNOIL1Vd3do

v3YV NOISSIW

SINIW3YINOIY TVYNOILYYILO 9nL 3FIVHS TVILNILOM




$S37NAOW AVOTAVd
SNOTYVA “S03 HLIM S3IOVIYILNI

SLIA NOISSIW M3d snid
‘093VYI/SIINOIYLSY/ITINAOW NOISINDOUd

ATNO SNOISSIW TVLIGYO HLI¥V3

SAYOIAVd GNV S,AV 40 IONVY Q3LIWIT
HLIM SNOILVDITlddY 214123dS Q3LIWIT

(SNOIL

=¥YNITONI 77V OL 378ISS320V ‘W3180¥d
ONISVHd S3ILVYNIWIT3) a3svg ANNOYD
G3NNVWNN 3718YSnay
IWVS

3WVS

SAVOTAYd NOISSIW A9¥3INI HOIH ANV MO ‘37LLNHS
AVIIINN “3SVE/NOILVYLS 3IVAS “S03 HLIM SIOVAUILNI

SLIYM NOISSIW dO ALIIYVA ANV LNIWLEVIWOD
MI™D SNTd “09¥VI/SOINOIYLSY/ITNAOW NOISINLOYd

SNOISSIW AYVLIINVId ANV ¥VYNNT ‘IVLICI0 HLI¥V3

SAV0TAVd ANV S,AV dJ0 3ONVY
3SYIAIQ HLIIM NOILVIINddV=ILTNW 3TILVSI3IA ATHIOIH

d3sva 39Vds
QINNVWNA ANV G3NNYW 378YSnad
NOISTNdo¥d %0/%H

NYNL3¥ OGNV LI8¥0 OL 319VL140dSNVYLl SO3

1d30NOD SO0 dVsn

1d3dONOD 9NL 323VdS VSVN

S3ON3Y3JH4IQ OGNV SIILIEVIIWIS TVYNOILONNS

$00/9n1 32vdS




40

. 30

20

FAC TOR

GROWTH

- O

sPAcE Tue /oos |
. . CAPABILITY FOR %
120 240 PAYlLoAaD DEL)WERY AND
RETRIEVAL To AND FROM
SYNCHRONOUS ORBIT
e |2
Y
0} 0
; 90 ;’ 8o
q g ’
o Q
ﬁj -
8 0
Q
Q 0
9 9
S
L sol 120
)
0
~d
M
3
\/ .
- PAYLOAD
% RETRIEVAL
W
2
W] 30 6O
V)
< .
~ S |
U] \
PAYLOAD
AY < 14,100 FPS ONE waAy PLACEMENT
o o 1 | | 1 |
.87 88 87 90

.86



SPACE 'TUG/OO‘.’: CAPABILITY FOR PAYLOAD DELIVERY
AND RETRIEVAL TO AND FROM SYNCHRONOUS ORBIT {

GROWTH FACTOR

240

AV:i4, 100 FPS ONE WAY

40, 120
0 0
5 |8
| -
< |«
IR
_ .3o ﬂj Q0 o 180
. X N
0 0
Q 0
o) 0
M \9
5
L
~ PAYLOAD PAYLOAD
20 Y_I') [Ye) 120 PLACEMENT RETRIEVAL.
. .
0
L
=
I
0
L;d N.90
l
1ol ¢ 30 6ol
8
=
)i
290
lo) (@] [e) 1 I
A50 T 460 450 460
T, SEC. Tgp, SEC.




f
m (87 000°I) SIN3W3IYINDIY LNVIT3d0dUd

3 0/ 09 06 _ 04 0¢ . 02 01 0
Bl ] Y ) ] ] ] J m MO
m JLYWILS3 JSW . |
’ 1 v N
w
i wn
O
P
! m
~
m
o
C
m
Z
O
. =<
4 MN
HOIH
L. SONL QIIVLS wmm—ie
: |
: = JOVINVL BV INUOW P
i
‘ - 901 31ONIS o3
. =
— LINIW3OV1d S$3LITN3LVS dVYSN/VSYN , = za
: 37LLNHS U
o 9NIDIAYAS L4VdD30VdS =T ¥vNN1SID = S -
< SONIGNYT ¥VNNT A > ag———NOILVLS 3IVdS ——s=
T ee— SNOISSIW AdVLINVd -

. : AON3NO3¥d NOISSIW Q3L23dX3 S00/9NL 3IVdS



NOISS3¥93d TVAON 40 LOVIWI -
3TLLAHS ¥v3IONN HLIM NOILVIJDOSSY NI SNOILVd3dO -

3T0IH3IA 3T9VANIIX3
SY 3SN d40 LIN3WHSIGANHAIY YONYW ¥0d4 SO3F VIA ANNOYD OL NANL3Y -

: O9NL Y3HLONV Ag YO L0dIA IONVNILINIVW LV IONVYNILNIVW -
NOILVLS LNVI13d0dd TVLIFYO ¥O SO3 Ag ONIT3N43Y -

g3asve AaNNoY¥d SA a3sve 30vdS -

S3AOW TVYNOILVY3IdO ANV SNOILVIZ3JO

037 0l ¥3AIT3A OL S3ITOIH3A HONNVT NVLIL d¥0 AS HLIM ALITISILVAWOD

S3TOIHIA SNIANIAX3 Y0 SITIIHIA ONIOVLS ‘SANVL
ONIOVLS ‘SMNVL 39dV1 A8 Q3A3IHOV 39 GIN0D SLNIWIYINDIY AV HOIH

JYINAOW ATT1Nd d0
SUNVL ¥VINAOW SNId 3¥0D “IV¥93LNI 38 GIN0D 37NA0W NOISINdO¥d

SISATVYNY NOISSIW NO Q3svg ‘S3ZIS IYOW ¥0 ¢ A33aN AVW VSVYN

HOVOdddV NO9IS3A ONV 3ZIS 9Nl 30VdS




8/ LL

94

S Ly ¢l A 1/ 0 69 AD
L EY) | 7 T ¢ ‘ { : I U
v o d anv ‘0 ‘g s,9¢
201
, 3INA3HIS SO3
81 L1 9/ Sl u ¢/l z! 1/ 0/ 65 AD
. H ) T (s N 1] ) v i) 1
“ v Vv a any ‘o ‘g g,¢ Vo
: 201 174 1S1
vé 3d¥d

LL6T 31V - S00/9NL 32VdS ANV SO03 ¥0d4 J0I

3A7TNQ3IHIS S00/9NnL 3IVdS

SLN3IW3YINDIY 9NIANNS v3d 32NA3Y 0L SILVA ILVINAO¥ddY 1V¥ QIDNAOYLNI

SNOISSIW AY¥VLINVId GNV YVNNT ¥04 SINIWIYINOIY WILSAS ANV SLIN VSYN

SNOISSIW TVLIGWO HLl¥v3
4V ANV VSVYN ¥0d 37VvIS 3IWIL SO03 Ol d3d0713A3d 39 ATINOHS S00/9n1 3IdVdS -

aNsSI SNIANNS ANV ONITNA3IHIS

9NnL. 30vdS



s
-~

SLI
NOISSIW IT
1Y193dS

—

i

LINIWLIVIWOD
1eM3™AD

>

S3ITNAOW LNINOJWOD

C 7
SR

3TNAOW
NOISTINdodd w

\ N

ITNAOW
JONIOITT3LNI
ANV SOINOIYLSY

- ll)lw

|

ATINO SNOILVIIddVv

T~

3TNAOW 09YVYD

>

$00/9n1 30vdsS

VSYN ¥04d::



08-G%
LS=-¢¢
S¢-¢2

L-¢
I-6°

S1-L
0¢-S1

0T1-8
6Z-61

ATLLNHS JYYNNTSID HLIM NOWWOD::

3INAOW M3Y¥D + 3TNAOW OO¥YVI HLIM -
JOLVINGINVYW + JTNAOW 09dVI HLIM -

0£62-916

0¢ =61
001T-0S§
0£1-S9

00t -00T
000T-00¢
00hT-004

00Z2-06§
008-00%
000T-064

(W$)D ONIYANIIY

(WS ONIYENIIY NON

SLS0J3 9Nn.Ll 3J3VdS

LINA JISVa -
LS00 SNIYYNIO3IY V10l
1S02 ONIYINIO3d NON TVIOL

JOLVINd INVIW
dV3O ONIANVT
SNOILdO LI

% 3TNAOW 09dVI
3FTNA0W M3 YD
S3TNAOW YONrVW

#37TNA0W 3ONIDITTILNI
ITNAOW NOISTINJO¥d
LINN NOISTINdOY¥d JISV8




(NOILVINSNI Q3LVYNIVAZY “*3°1)
SLN3WIYINO3Y SWILSASENS G3SVE 3IOVdS SNSUIA A3ISVE ANNOYS

INION3 M3IN ¥0 0T-7d SV HONS
IANION3 ONILSIX3 40 NOILVIIJIAOW - NOISTINdO¥d NO\NI NIVIW -

JAVMQYVYH WVEO0dd QILVIOILNI HLIM SIOVAHILNI -

SNOILV¥3d0 379IX374 ‘ALINIEVSN3Y ‘3417 9NOT -

AS90TTONHO3L



CISLUNAR SHUTTLE



LUNAR TRANS2PORTATION REQUIREMENTS

Lvnar surface base or extended exploration requires

e ta s Lo~
.  Transportation system to lunar orbit with @ooul

100 KLB capability
« 3 - 10 flights to establish surface base
«° 3 - 5 flights per vear to conduct operations

my

This traffic justifies development of lunar shuttle




COMPARISON OF LUNAR SHUTTLZ OPTIONS
Either nuclear (NERVA) or chemical (H-0) propulsion could

"+ Technology is available -
. Cdmpatible with all proposed launch systems
Choice between nucleér and chemical
| * . Nuclear offers singﬂa—stage'mode,
fewer space shuttle tanker flights,
growth potential for Manned Mars Missions
-« Chenical perfofmance s competitive only with

‘complex nmission mode

Nef\/& s wos aAVMC—ed,ev;-)‘:\e QVOI\\Q;&L - O‘Q?Y\of‘:\&(‘c‘. TM-\Q

?erwbcf



Chenmical

Nuclezar

OPERATIONAL CONSIDERATIONS

Single stage ; large, uneconomical

Two stage - performancé may.be §ompetitive,
operations more complex |

Aerobraker - possibly attractive performahce but
notc yet evaluated |

Cluster of space tugs - lower development cost

but reduced performance

- Radiation protection: Must be prbvided by

vehicle configuration, separation distance,

~shields

Aftercooling: ‘Must be accommodated bY.guiaance
system; some délaY'in rendezvous; small per-

formance pénalty ' | ~

Single stage




>
14p]
l-)-

Lo}
i
H
th

. SUMMARY

i
. +

« Lunar exploration justifies reusable transportation system
» Reusable nuclear stage offers combination of
High performance, economy, simple mission mode,
and epplicability to Manned Planetary Missions.
. Radiation can be accommodated with moderate

penalty;

<« Chemical propulsion may be competive with more complex
mission mode, although probably not useful for more

anbit_ous missions.

‘rcc\\cv\ks ) X
Sficantcost savings with nuclear (for same mission
A

o ——————
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NEAR TERM GAP FILLERS
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MISSTIONS

I - ALL-UP SHUTTLE

Earth Orbit

Shuttle -~ Shuttle + 50K P/L

Shuttle + Tug - Shuttle delivery of LM-B PM (50K).
Crew capsule (5-7K) and P/L de-
livered separately by shuttle.

Shuttle + SSM - Shuttle delivery of 50K modular SSM.
P/L and crew delivered separately by
shuttle.
Lunar
Shuttle + CLS + Tug a. Shuttle booster launches CLS

(fueled with 540K of propellant).
CLS propellant used for insertion
into E. O.

b. 9 shuttle flights to refuel CLS
in E. O.

c. CLS injects into TLI and inserts
into lunar orbit: 1 Tug (with
propellant) + 1 Tug (without pro-
pellant) + P/L

d. Tug conducts lunar landing mission.
Empty tug provides for safety,
obtaining fuel from CLS if neces-
sary.

e. CLS returns 1 Tug with crew to E. O.

Return of DM

chv 3 MAY e
A~eTurn i ¢tnex PM 1

1
iuQia 3 4liCld e

Shuttle + CLS + - Shuttles insert SSM and Tug into E. O.
Tug + SSM CLS is inserted into E.O. and refueled
as above. CLS transports SSM + Tug to
lunar orbit.
Tug conducts lunar landing mission.
Resupply from E.O. in same manner.

CLS used for return to E.O. SSM remains
in lunar orbit.




II - PHASED SHUTTLE

Earth Orbit

Lunar

Shuttle Orbiter + S-IC -
SSM + LLV (S-IC + S-II'") -

Shuttle + Tug -

Shuttle + SSM -

Shuttle + CLS + Tug -
+ SSM

III - EVOLUTIONARY

Launch by S-IC. Insertion
into E.O. by shuttle orbiter.

INT-21' inserts 100K SSM
into E.O.

Same as for Option I

Insertion of SSM into E.O.
as above. SSM resupply
and crew return by shuttle.

Essentially same as for
Option I, but SSM (~100K)

is inserted into E.O. by LLV.
One CLS required to trans-
port SSM to lunar orbit.

SHUTTLE

Earth Orbit

Lunar

Skylab IITI + LLV -

Shuttle + LLV -

[af ag ¥ + TT? —
DO dada v

Space Shuttle + Tug -

Space Shuttle + SSM -

Shuttle + CLS + Tug -
+ SSM

Skylab II (~ 90K) inserted
into E. 0. by T-III'
(90K capability)

Resuable lifting body space-
craft inserted into E.O. by
T-III'. Provides manning
and logistics for Skylab.

SSM {~ 90K)
E.O. by T-II

7 —_-amrd Al . w4
N iISerced intcto
[

.

b

Same as for Option I.

Same as for Option II.

Same as for Option II.



MISSION DESCRIPTIONS

. I - ALL-UP SHUTTLE
. IT - PHASED-SHUTTLE

. III - EVOLUTIONARY SHUTTLE AND
LONG DURATION MSF
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PLANNING FACTORS

The following planning factors were developed to
assist in pricing Options I, II, and III.

Option I
Space Station Module

1. One flightworthy SSM will come out of the
development program.

2. One additional SSM will be procured as a
spare.

All-Up Shuttle

1. The maximum number of flights per year, assuming
a two-week turn around time and the better part
of a week on orbit, is 14. Allowing for outage
use 10 flights/year/vehicle.

2. Three flightworthy vehicles will come out of
the development program.

3. Each vehicle has a 100-flight useful lifetime.

4. The earth orbital shuttle activity requires
74 flights between 1978 and 1986 at a rate of
10 per year. This necessitates one vehicle.

5. There are 100 shuttle flights in support of
the lunar program in the period 1980-86 at a
rate of 20 per year. Two vehicles were assumed
adequate to meet this requirement. However,
more may be required depending on how long a
period is permitted for orbital refueling of
the cislunar shuttle. For example, 5 shuttle
vehicles are required to fuel the CLS in three
weeks.

6. In addition to the three shuttle vehicles from
the development program, procure one more
vehicle in 1984 and procure the equivalent of
one vehicle in spare parts.




Tug
1. A tug will have a useful lifetime of 100 reuses
or three years (if left in orbit).

2. One tug per year will be expended to inject a
planetary spacecraft.

3. Three tugs will be procured in 1979 (may come
from development program); one additional tug
will be procured each year; every three years
one more tug will be procured.

4. If the lunar missions are conducted with rescue
capability, an additional tug may be required
depending on the assumption made regarding
storability in lunar orbit for about one year.

Cis~-Lunar Shuttle

1. The CLS returns to earth orbit from each lunar
mission. If it is fully reusable, then only
one back up is required. If it is considered
expended after reaching earth orbit, then one
per year 1is required.

Summary Option I

SSM: One from the development program plus one spare, 1981
Shuttle: Three from the development program, 1978;

one spare, 1984; and one equivalent vehicle

in spare parts, 1984.

Tug: Three from the development program, 1979; one
per year plus one additional every third year.

CLS: One from the development program and one per
year, 1985.

Option II

Space Station Module

1. One flightworthy SSM from the development program,
1979.

2. One spare SSM as backup, 1979.

3. One SSM for lunar orbiting base, 1982.



Shuttle Orbiter Stage

1. Two flightworthy vehicles from the development
program, 1978.

2. An additional vehicle in 1982.
3. One equivalent vehicle in spare parts, 1982.

Shuttle Booster Stage

l. Three flightworthy vehicles from the development
program, 1982.

2. One equivalent vehicle in spare parts, 1982.

S-IC Interim Booster Stage

1978 1979 1980 1981

4 7 10 10

S-IC/S-II Interim Launch Vehicle

1979, 1; 1982, 1; plus $50 M/yr for MOC
Space Tug
Same rationale as Option I with 1982 IOC
CLS
Same rationale as Option I with 1982 IOC

Option III

Skylab III

Two for 1977

SSM

Same as Option II with 1980 as the earth orbital
program IOC and 1982 as the lunar program IOC

Shuttle (Reusable lifting body spacecraft)

Two flightworthy vehicles from the development
program, 1977.

All-Up Space Shuttle

1. Four flightworthy vehicles from the development
program, 1981.



- 4 -
2. One equivalent vehicle in spare parts, 1981-83.

CLS

Same rationale as Option I with 1981 I10C.

T-I1T



LUNAR MISSION FLIGHT SCHEMATICS

. OPTION I

. OPTION II, IIT
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